microbial population dynamics in the intestine (Sorum & Sunde, 2001) , as well as the hazard of antibiotic resistance (Abdel Aziz, ElNabtity, Barawy, & Saleh, 2017) . Therefore, several candidates, such as synbiotics, plant extracts and organic acids (OA), have been utilized to replace the antibiotic additives (Mehdipour, Afsharmanesh, & Sami, 2013) .
Synbiotic could be defined as a mixture of probiotics and prebiotics that can enhance the development of microbiota-based supplements in the intestinal tract of the host (Hassanpour, Zamani Moghaddam, & Khosravi, 2013) . The major portion of synbiotic is mainly utilized to enrich the media in the intestine for the optimum propagation of probiotic strains. They also improve the intestinal histomorphometry and the selective absorption of nutrients (Awad, Ghareeb, Abdel-Raheem, & Bohm, 2009 ). The OA additives comprised either individual acid or a mixture of several acids, which induce different antimicrobial activities (Wang et al., 2009) . In this context, some researchers reported that supplementation of diets with butyric acid (2 g/kg) increased the body gain and the relative feed efficiency of broiler chickens, while the greater villus height was acquired with an optimum supplementation level of 3 g/kg (Jahanian, 2011) .
Considering the basic knowledge of human nutrition, poultry meat is an important source of animal protein (Marangoni et al., 2015) . Recent researches have confirmed that meat quality is determined by different factors, including the genetic makeup, sex, composition of diets, housing system, slaughter technique and the nature of muscle fibre (Lombardi-Boccia, Lanzi, & Aguzzi, 2005) . The novel trend of poultry consumption shows the significance of controlling the meat quality in the poultry enterprise (De Genova Gaya et al., 2011) . Moreover, broiler meat is usually marketed as retail cuts or processed meat (Le Bihan-Duval et al., 2008) . Indeed, the most popular cuts of the chicken carcass are breast and thigh muscles (Yu et al., 2005) . The use of probiotics as dietary supplements can ameliorate the meat composition of broiler chickens (Karaoglu et al., 2004) . Salma, Miah, Maki, Nishimura, and Tsujii (2007) reported that the enrichment of broiler diets with Rhodobacter capsulatus could modify the composite of muscle fatty acids (FA). They reported that bacteria-based dietary supplements could improve the contents of monounsaturated FA (MUFA) in the thigh and breast muscles, which may be valuable for human health. Kalavathy, Abdullah, Jalaludin, Wong, and Ho (2006) also stated that Lactobacillus supplements increased the contents of polyunsaturated FA (PUFA) in the liver of male broilers. In a more recent study, Podolian (2017) proved that supplementing broiler diet with a maximum dose of probiotic "Entero-active" stimulates the synthesis of some essential amino acids such as lysine, valine and methionine in the breast muscles. Despite the potential of synbiotic or OA as growth promoters in broilers, information on their influences on muscle FA and amino acid profiles in broilers is scarce. Hence, the present work was performed to inspect the possible impacts of dietary supplementation with synbiotic and/or OA on growth efficiency, antioxidant activity and muscle amino acid (AA) and FA contents in broilers.
| MATERIAL S AND ME THODS
The current research followed the ethics and guidelines of the Animal care committee, Assuit University, New Valley branch.
| Birds, management and experimental design
In this study, 160 day-old male chicks (Ross 308) were housed in separate floor pens, at an optimum stocking density (30 kg/m 2 ). Each pen was supplied with enough drinkers, manual feeders and wellabsorbent shavings as litter material. The standard light program and housing temperature were provided (Aviagen, 2014) . Randomly, birds were distributed to four equal groups (40 birds/group), with eight replicates (five birds/pen). According to the NRC (1994), the formulation of the basal diet was adjusted to meet the optimum requirements of broiler chicks during the starter and grower-finisher stages ( no supplements, while the second group (OA) fed a basal diet + organic acid (1 g/kg; Sodium butyrate 40%; AND-NUTRITION; Spain).
The third group (S) was fed on a basal diet + ICEC-TROL ® synbiotic
(1 g/kg; ICEC Exporter and Import Inc., Canada: comprised Bacillus subtilis; Saccharomyces cerivisiae; Streptococcus faecium, MannanOligosaccharides; β-Glucan). The fourth group (SO) was fed a basal diet + an equal mixture of OA and synbiotic (2 g/kg).
| Growth performance and carcass yield
Individually, birds were weighed, and feed conversion ratio (FCR) was estimated as actual feed intake (FI) divided by the body gain (0-42 days). On the 42nd day of age, two birds per each replicate (16/ group) were randomly selected, weighed and fasten for 6 hr before slaughtering. The objective of fasting is to reduce carcass contamination during processing. The slaughter method was practiced according to the pre-stunning technique described by the Malaysian institutes (JAKIM, 2011). After evisceration and plucking out the internal organs, carcasses were chilled at 2°C for 30 min and also allowed to effectively drain for 5 min. The carcass yield (dressing percentage) was estimated as an actual carcass weight relative to the live body weight.
| Muscle fatty acid and amino acid profiles
From the above slaughtered birds, one bird from each replicate (8/ group) was chosen to estimate the muscle FA and amino acid profiles. From the chilled carcasses, the thigh and breast muscles were dissected with a careful removal of any fat or connective tissues. GC column and the splitless injection mode were practiced according to the protocol described by Radwan and Ahmed (2016) . The hypocholesterolaemic to hypercholesterolaemic FA ratio (H/H) was estimated as described by Santos-Silva, Bessa, and SantosSilva (2002) ; H/H = [(C18:1 cis-9 + C18:2 n-6 + C20:4n-6 + C18:3 n-3 + C20:3n-6 + C20:5 n-3 + C22:6 n-3)/(C14:0 + C16:0)].
The contents of free AA in the broiler muscles were estimated by the modified protocol of Hughes et al. (2002) . After mixing with 10 ml of 2% trichloroacetic acid solution, the muscle samples (1 g)
were homogenized at 16,128 g for 1 min. The homogenate of each sample was centrifuged (2,800 g) for 10 min and then filtered quickly through 0.45 μm membrane. The derivatization commenced by redrying the samples by adding the drying solution (consisted of 1:2:2 mix of triethylamine:methanol:1 M sodium acetate trihydrate). The derivatization process followed the procedures described by Ali and Elgoly (2013) . Using a Nova-Pak TM C 18 column (4 µm, 3.9 × 4.6 mm), the derivatized samples and AA standards were injected into the column for separation by HPLC.
| Blood sampling and serum biochemical and antioxidant parameters
At the end of the experiment (42 days of age), two birds were selected randomly from each replicate to collect blood samples into plain tubes by brachial vein route. As quick as possible, blood samples were centrifuged (1,008 g) to separate sera and then stored at −20°C. Using the available commercial kits (Roche diagnostics GmbH, Germany), serum triglycerides, cholesterol, low density lipoproteins (LDL), very low density lipoproteins (VLDL), total proteins and albumin concentrations were determined. The serum catalase activity was evaluated, using the procedure mentioned by Aebi (1984) . The level of serum malondialdehyde (MDA; μmol/L) was estimated according to a protocol described by Karalas (2002) . The thiols compounds of reduced glutathione (GSH) were calibrated by HPLC procedures (Jayatilleke & Shaw, 1993) . After dissolving the reference standards of GSH (Sigma Chemical Co.) in 75% methanol solution (stock; 1 mg/ml), the Synerji RP Max column 3.9 at an exact wavelength of 210 nm was used. Using the UV detectors, the activ- 
| Statistical analyses
The available data were analysed by ANOVA procedures of the IBM 
| RE SULTS

| Effect of different dietary supplements on performance and carcass yields
Regarding the mortality rate, no significant differences were reported between the experimental groups (p = 0.235). The mortality percentages were 7.5, 12.5, 10.0 and 7.5 for the CON, OA, S and SO groups respectively. Results relative to the overall growth efficiency (1-42 days) and carcass yields are illustrated in Figure 
| Effect of different dietary supplements on serum biochemical and antioxidant parameters
Data describing the influence of various dietary supplements on serum biochemical parameters are presented in Table 2 . As noted, the supplementation of broiler diets with synbiotic or synbiotic plus OA increased the serum total protein and globulin levels compared with the CON group (p = 0.001 and p = 0.001 respectively). As shown in Figure 2 , the synbiotic dietary-supplement improved the serum GSH level (p = 0.038) compared with the CON and OA-supplemented groups. Moreover, the OA-supplemented group showed significantly greater serum MDA (p = 0.022) and 8-OHdG (p = 0.047) compared with the S and SO experimental groups.
However, no significant variation was noted across the various dietary groups regarding the serum CAT level (p = 0.101).
| Effect of different dietary supplements on the muscle fatty acid profiles
The FA contents of broiler muscles were affected by various dietary supplements (Tables 3 and 4 Regarding the polyunsaturated FA composition of breast muscle, synbiotic-supplemented group had significantly lower n-6:n-3 ratio (p = 0.047), however, a higher H/H ratio (p = 0.002) was reported in comparison with the control group.
| Effect of different dietary supplements on the muscle amino acid profiles
The AA contents of breast and thigh muscles were influenced by the various dietary supplements (Tables 5 and 6 ). Among the showed that the synbiotic dietary-supplements (1 g/kg) had no considerable effects on the overall weight gain and FCR in broilers. These conflicting findings can partially be explicated by the TA B L E 3 Effect of dietary supplementation with synbiotic and/or organic acids on the fatty acid profile (g/100 g) of breast muscle in broiler chickens strain and the number of viable micro-organisms in the synbiotic mixture, survivability of the active microbiota in the diet, prebiotic constituents and the inclusion rate (Markowiak & Śliżewska, 2018 
TA B L E 5
Effect of dietary supplementation with synbiotic and/or organic acids on the amino acid profile (g/100 g) of breast muscle in broiler chickens negative changes in the feed odour, as subjectively noticed in the current trial. Additionally, it is known that olfaction also controls the FI in poultry (El Boushy & Poel, 1994) , and that short-chain OA could adversely affect the palatability (Andreopoulou, Tsiouris, & Georgopoulou, 2014) . In accordance with our findings, Kopecký, Hrnčár, and Weis (2012) reported that supplementation of citric acid decreased the overall FI of broiler chickens. Meanwhile, Waguespack Levy et al. (2015) found that the addition of Ca butyrate to broiler diets could improve the live body weight without affecting the total feed intake.
Our findings on carcass yield are also similar to those reported previously (Awad et al., 2009 ). They reported a significant increase in the carcass yield when broilers fed the synbiotic-supplemented diets compared with the control and probiotic-supplemented groups. Ashayerizadeh et al. (2009) also stated that a mixture containing prebiotics and probiotics could improve the thigh muscle ratio. The favourable effects of supplementing broiler diets with either synbiotic or synbiotic plus OA on carcass yields are consistent with more recent findings . They observed that the diets enriched with synbiotic increased (p < 0.05) the yield of breast muscles in broilers. This may be attributed to the improved digestion mechanism, as synbiotic could supply more nutrients for muscle growth. In another field trial, AL-Beitawi (2009) stated that the herbs-supplemented diets might modulate the dressing percentage and breast yields of broiler carcasses.
In this trial, broilers fed synbiotic or synbiotic plus OA were found to have reduced serum cholesterol levels. These results provide a support to the hypocholesterolaemic and hypolipidaemic effects of synbiotic supplements in broilers (Ghasemi, Kasani, & Taherpour, 2014) and quails (Sharifi, Shams, Dastar, & Hosseini, 2011) . Additionally, considerable reductions in the contents of liver cholesterol have been recorded when broilers fed a diet supplemented with B. subtilis (Santoso, Tanaka, & Ohtani, 1995) . Although the theory behind the hypocholesterolaemic effect of synbiotics remains mysterious, it has been suggested that the effect could be acquired through the retardation of cholesterol synthesis and increased cholesterol degradation (Ooi & Liong, 2010) . Moreover, the prebiotics components of synbiotic, fructooligosaccharides, are indigestible and fermentable components that reduce the cholesterol absorption in the intestinal tract (Dikeman, Murphy, & Fahey, 2006) . The most accepted hypothesis, however, is the ability of dietary oligosaccharides to interfere with the transport and absorption of intestinal bile acids, leading to increased excretion of bile acid with a subsequent hypocholesterolemic effect (Velasco et al., 2010) .
Moreover, certain lactic acid bacterial strains produce a bile salt hydrolase enzyme, which has the ability to deconjugate the bile salts, resulting in excessive excretion of cholesterol and consequently lower the plasma cholesterol level in broilers. (Kalavathy et al., 2006) . In our trial, dietary supplementation with synbiotic or synbiotic plus OA to significantly reduce the serum triglycerides and VLDL in broilers. Similarly, Santoso et al. (1995) showed that the dietary supplementation with B. subtilis decreased the serum triglycerides in broilers. They suggested that probiotics could reduce the activity of acetyl-CoA carboxylase, which enhances the FA biosynthesis. Axling et al. (2012) also noticed that the supplementation of probiotic down-regulates the mRNA expression of hepatic lipogenic enzyme in broilers, with a subsequent reduction in the liver lipogenesis. Conflicted with these findings, others reported that synbiotic supplements did not modify the serum triglyceride and VLDL levels (Ghasemi, Shivazad, Mirzapour-Rezaei, & Karimi-Torshizi, 2016) . It is interesting to notice the decreased serum total protein and albumin in the OA-supplemented group. In accordance with these results, TA B L E 6 Effect of dietary supplementation with synbiotic and/or organic acids on the amino acid profile (g/100 g) of thigh muscle in broiler chickens Ghazalah, Atta, Elkloub, Moustafa, and Shata (2011) reported that dietary supplementation with OA decreased the serum albumin level in Arbor-Acres broilers. Meanwhile, others reported no considerable variations in the serum total protein and albumin in response to the addition of organic acids to broiler diets (Kamal & Ragaa, 2014) .
Considering the rapid oxidative process of lipid and protein contents, the normal shelf life of fresh meat is relatively short (Ahmed, Islam, et al., 2015) . Indeed, MDA has been considered as the major end product of lipid oxidation by reactive oxygen species (ROS), which used usually to monitor the degree of lipid peroxidation in poultry meat (Salih, Smith, Price, & Dawson, 1987 Cheng et al. (2017) reported that dietary synbiotic-supplements decreased the accumulation of MDA in the thigh muscles, suggesting that synbiotic could reduce the lipid peroxidation process. Additionally, Min, Yang, Xu, and Gao (2016) reported that the broiler diets supplemented with a combination of B. subtilis and mannan-Oligosaccharide reduced the plasma MDA level. The lowered MDA level may be related to the regulatory action of synbiotics on the FA profiles of broiler muscles (Ghasemi et al., 2016) . Recently, Zhang et al. (2017) observed that the dietary supplementation of synbiotic decreased the 8-OHdG level in broiler chicks at 21 day of feeding (p < 0.05). Consistent with these findings, Kanatt, Chander, and Sharma (2010) reported that the existence of natural antioxidants might reduce the lipid peroxidation in chicken meat.
Interestingly, our findings indicated that there is a possibility to modulate the FA composition in broiler muscles by supplementing the diets with synbiotic or synbiotic plus OA. Mostly, the impact of synbiotic or synbiotic plus OA supplements was the reduction of SFA contents and the enrichment of n-3 PUFA and the H/H ratio in the breast and thigh muscles. As far as we know, scarce information is available on synbiotics and the changes of fatty acid contents in broiler muscles. Thus, comparison of the present findings with the previous reports was difficult. In one of those rare studies, Ghasemi et al. (2016) recorded that the main impact of the synbiotic supplements was the progressive reduction of monoenoic FA and the improvement of n-6 PUFA contents in the thigh muscles of broilers. Furthermore, the changes in the muscle FA contents have been recorded for different broiler strains that fed on the diets supplemented with probiotics (Kalavathy et al., 2006; Salma et al., 2007) .
Indeed, the enhancement of n-3 PUFA contents led to increased PUFA/SFA ratio in breast muscle (p = 0.066). These outcomes suggest that synbiotics have obvious effects on lipid metabolism.
The dietary SFA, have a major role due to their cholesterollowering activity, which is related to the coronary heart disease.
Moreover, the replacement of SFA with the MUFA decreased the plasma LDL level and the ratio of total:HDL cholesterol (FAO/ WHO, 2009 ). In the current trial, the diets supplemented with synbiotic or synbiotic plus OA reduced the SFA (mainly stearic acid) concentration in the broiler breast and thigh muscles. One possible reason is that stimulation of the ideal hepatic desaturation process in the de novo synthesis of oleic FA from the stearic FA (Peebles et al., 2006) . Contrary to these findings, Kalavathy et al. (2006) stated that the supplementation of probiotics was more efficient in reducing the MUFA (oleic acid) than the SFA. The n-3 and n-6 FA also have a crucial function in human nutrition, being both precursors of some biological mediators like eicosanoids, prostaglandins and thromboxanes, which regulate the immunological responses and the activity of cardiovascular system (Grashorn, 2007) . The current research reported improved n-3 FA contents of breast and thigh muscles in the broilers fed the diet supplemented with synbiotic. The increase in the n-3 FA of broiler muscles may induce a corresponding reduction in the n-6 FA (arachidonic and linoleic) in breast and thigh muscles because these two groups of the FA contest for the same desaturation enzymes (Nuernberg et al., 2005) . Moreover, the ratio of PUFA:SFA and n-6:n-3 is usually applied to evaluate the nutritional properties of fat. Indeed, the low PUFA:SFA and high n-6:n-3 ratios are considered disadvantageous because this may increase the risk of hypercholesterolaemia (Santos-Silva et al., 2002 ). In the current research, breast muscles from synbiotic-supplemented broiler chickens had greater PUFA:SFA and lower n-6:n-3 ratios compared with the CON group. The above-mentioned indices, however, may not be enough for an assessment of the exact nutritive properties of fat owing to the fact that the information regarding the MUFA is limited.
Hence, it is better to consider more sensitive indices such as the H/H FA ratio, which based on the functional properties of FA (SantosSilva et al., 2002) . In this context, the available values for this ratio were greater in the muscles of broilers fed the diets supplemented with synbiotic or synbiotic plus OA, suggesting a favourable effect of dietary synbiotic-supplements on meat composition.
Chemical composition of chicken meat is important and usually determines the possibilities for storage or further processing.
Regarding the influence of synbiotic on the AA composition of broiler muscles, the available information is scarce, and thus the discussion of this topic is somewhat difficult. However, the effects of probioticsupplements on the AA contents of broiler muscles have been mentioned in some trials (Abdulwahab & Horniakova, 2013; Podolian, 2017) . Mostly, the dietary synbiotic-supplements increased the contents of some essential (leucine, isoleucine, lysine, methionine and histidine) and nonessential (arginine and tyrosine) AA in breast and thigh muscles. This may attributed to the improvement of protein solubility and emulsifying capacity of sarcoplasmic protein of breast muscles in broiler chickens (Kim et al., 2017) . Others reported that probiotics-based supplements improved the protein contents and the respective contents of essential AA (Liu et al., 2012) . Mahmood, Hussain, and Perveen (2005) also stated that the dietary supplementation with probiotics improved the protein contents of broiler muscles. Additionally, Abdulwahab and Horniakova (2013) reported that dietary supplementation with Lactobacillus spp. improved the contents of essential (isoleucine, threonine, methionine and histidine) and nonessential (glycine and tyrosine) amino acids of breast and thigh muscles in Ross broilers. In a more recent trial, Podolian (2017) showed that the addition of probiotic mixture to the broiler diets could improve the contents of lysine, arginine and methionine in the breast muscles. However, Mehdipour et al. (2013) recorded no positive changes in the physicochemical characteristics of thigh muscles when quails were fed on a diet supplemented with synbiotic.
Moreover, others recorded that the supplementation of probiotics reduced the levels of isoleucine and leucine in pectoral and thigh muscles of broilers (Podolian, 2017) . These conflicted outcomes may be attributed to a clear variation in the breed, duration of dietary supplementation, dose and other managerial aspects.
| CON CLUS ION
From the aforementioned findings, it could be concluded that dietary supplementation of synbiotic or synbiotic plus OA can improve the performance, carcass yields and the serum lipid and antioxidant profiles of broiler chickens. The synbiotic-supplemented diet improved the PUFA:SFA, n-6:n-3 and H/H ratios by altering the FA composition of broiler muscles, which are crucial with regards to human health. Moreover, the supplementation of synbiotics increased the contents of some essential AA (leucine, isoleucine, lysine, methionine and histidine) in broiler breast muscles.
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